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(54) Riter capacitor for power bus 

(57) An integrated circuit having a voltage source 
and a plurality of conductive power bus tiers extending 
across the integrated circuit. Each of the power bus tiers 
are electrically coupled in parallel to the voltage source. 
The integrated circuit includes a filter capacitor having a 

.101 



first plate and a second plate that are separated by a 
capacitor dielectric. The first plate forms a bus strap 
coupling to each of the plurality of power bus tiers. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention. 

The present invention relates, in general, to capac- 
itor structures, and, more particularly, to filter capacitor 
stmctures for monolithically integrated circuits. . 

2, Relevant BacKground, 

On large integrated circuits (ICs) it is necessary to 
route the direct current (DC) power buses to ail the dr- 
cuits'on the IC requiring power. The DC power bus sys- 
tem distributes positive and/or negative power 
throughout the IC. Typically one of the polarities Is 
ground and the other is designated as V^c or Vqq. The 
DC power distribution system provides low resistance 
paths between the power supply nodes and each circuit 
being powered. Voltage drops along the power distribu- 
tion bus should not affect other circuits being powered 
from the same bus. even during high current loads. 

Power is supplied to circuitry formed on an IC from, 
for example, an externa! power supply coupled to wire 
bonding pads. Alternatively: many ICs provide an on- 
chip voltage regulator to decrease a higher voltage 
(e g.. 5.0V) provided by an external power supply to a 
lower voltage (e.g., 3.3V) required by the internal cir- 
cuitry on the IC. To limit undesirable voltage ripple on 
the internal voltage si^Dply node, the time constant of 
the regulator is desirably much longer than the internal 
cyde of the device. This prevents undesired voltage rip- 
ple within a cyde that can upset analog voltage levels. A 
filter capacitor is coupled across the power supply wire 
bonding pads (or the on-chip voltage regulator output 
nodes) to help smooth voltage fluctuations at the power 
and ground nodes on the IC and fluctuations caused by 
the external power supply. 

In practice, filter capadtors consume a great deal of 
chip area without adding functionality other than the 
aforementioned filtering function. In general, cost and 
chip size considerations dictate limiting the filter capac- 
itor to modest sizes. One strategy for providing a large 
filter capacitance is to dice the filter capacitor into 
pieces and distn'bute the pieces throughout the IC chip 
in areas that are not used for circuitry. The diced pieces 
are then coupled in parallel to form the requisite, rela- 
tively large capacitance. 

Some conventional DC power distribution bus lay- 
outs use a single large bus that is branched repeatedly 
to attempt to reach every element to be powered. How- 
ever, because of the difficulty inherent in crossing one 
conductor over another, it is often not possible to guar- 
antee that all circuits can be powered unless multiple 
metal layers are used. Additional metal layers increase 
chip cost significantly. Also, the branching structure of 
the buses causes high currents to flow in some portions 



and could cause voltage sagging and undesired circuit 
interaction. Moreover, such relatively high resistance 
power distribution buses dissipate energy as heat that 
must be removed from the IC package. Heat removal 

5 limits device performance and functionality arid makes 
the IC larger and thus more expensive, as well as mak- 
ing the packaging more expensive. 

"Multi-tier", "grid" or "mesh" power distribution 
buses comprise a plurality of power conductors that are 

10 coupl^ to a common power supply or ground node. 
The power conductors are typically arranged parallel to 
each other and extend in one direction across the inte- 
grated drcuit Metal straps running perpendicular to the 
power conductors are used to couple each tier of the 

15 power conductors together in a grid fashion. These per- 
pendicular straps are generally laid out to be relatively 
wide to provide low resistance connections. Also, the 
perpendicular straps must be placed frequently along 
the length of the power conductors to effectively reduce 

20 sagging of the vdtage on the power conductors. 

In addition to power distribution buses, ICs typically 
include signal buses for distribution of data and control 
signals about the IC. A gridded power distribution bus 
requires that tiie signal buses traverse the power distri- 

25 bution buses at many locations. When metal straps are 
used, the parasitic capacitance between the signal 
buses and the power distribution buses is relatively high 
because there is only relatively thin insulation between 
the signal buses and the metal straps This high para- 

30 sitic capacitance reduces the maiximum signal fre- 
quency on the signal buses thereby reducing speed aind 
functionality of the IC. 

An example of high current demand circuits are 
sense amplifiers in a dynamic random access memory 

35 (DRAM). In a typical DRAM drcuit. one sense amplifier 
is supplied for each bit line pair in the device. For each 
sense amplifier, the stancfoy (i.e.. non-switching) state 
requires relatively little current. When activated, how- 
ever, each sense amplifier may draw more tiian 1000 

40 times its standby cunrent Moreover, state of the iart 
DRAM devices may have more thamooo sense ampli- 
fiers activated simultaneously, resulting in very high cur- 
rent draw on the regulator. During high cun-ent demand, 
regulation can become poor and the chip's internal volt- 

45 age levels can drop or "sag" significantiy if the power 
distribution bus exhibits high resistance. 

Capacitor structures used to implement a filter 
capacitor are desirably volumetrically efficient. In other 
words, the capacitor structure should have a high 

50 capacitance per unit volume ratio. Hence. \Sne structures 
and processes used to implement capacitors are desir- 
ably compatible with a thin capacitor dielectric and allow 
topographically complex (i.e.. non-planar or folded) 
capacitor plates to increase unit capacitance. 

55 

SUMMARY OF THE INVENTION 

The present invention relates to an integrated cir- 
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cuit having a voltage source and a plurality of conduc- 
tive power bus tiers extending across the integrated 
circuit. Each of the power bus tiers are electrically cou- 
pled in parallel to the voltage source. The integrated dr- 
cuit includes a filter capacitor having a first plate and a 
second plate that are separated by a capacitor dielec- 
tric. In this manner the first plate forms a bus strap cou- 
pled to each of the plurality of power bus tiers. 

In another aspect, the present invention involves an 
integrated circuit including a voltage supply and a plural- 
ity of power conductors coupled to the voltage supply 
and extending aaoss the integrated circuit A plurality of 
filter capacitor portions are distributed across the inte- 
grated drcuit. Each of the filter capacitor portions have 
a node coupled to more than one of the plurality of con- 
ductors. 

In still another aspect, the present invention 
involves a method for making an integrated circuit on a 
substrate. Integrated circuitry is formed in selected first 
portions of the substrate. A plurality of capacitors are 
formed in selected second portions of the substrate. A 
plurality of conductive power supply bus tiers are 
formed on ithe substrate such that each bus tier is 
directly electrically coupled to each of the capacitors 
and to selected portions of the integrated circuitry 

RmgFDESCRtPTiON OFTHE DRAWINGS 

FIG. 1 shows a simplified layout of an integrated dr- 
cuit using a power distribution system in accord- 
ance with an embodiment of the present invention: 
FIG. 2 shows an enlarged portion of the IC of FIG. 

1; 

FIG. 3 shows a first cross-sectional view of a first 
embodiment power distribution bus in accordance 
with the present invention; 
FIG. 4 shows a second cross-sectional view of the 
first embodiment power distribution bus in accord- 
ance with the present invention; 
FIG. 5 shows a circuit diagram of the filter capacitor 
structure implemented by the first embodiment in 
accordance with the present invention; 
FIG. 6 shows a cross sectional view of a second 
embodiment power distribution bus In accordance 
with the present invention; 
FIG. 7 shows a drcuit diagram of the filter capacitor 
structure implemented by the secorxi enibodiment 
f)Ower distribution bus; 

FIG. 8 shows a aoss sectional view of an optional 
modification in accordance with the present inven- 
tion. : 

FIG. 9 shows a simplified layout of an integrated dr- 
cuit; 

FIG. 10 shows the integrated drcuit of FIG. 10 with 
an area selected for analysis; 
FIG. 1 1 shows a selected portion of the integrated 
circuit of FIG. 10 after processing in accordance 
with the present invention; and 



FIG. 12 shows the selection portion of FIG. 1 1 after 
processing to identify available area in accordance 
with the present invention. 

s DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shows an integrated drcuit 100 having 
tiered, gridded, or meshed power distribution buses 101 

10 and 102. Power is supplied to IC 100 from an external 
power source coupled to power supply bond pads 103 
and 104. In FIG. 1 bond pad 103 is coupled to ground 
and bond pad 104 is coupled to VCC. An equivalent 
substitute for bond pads 103 and 104 is an on-chip volt- 

15 age regulator that supplies voltage to internal drcuitry 
Power distribution buses 101 and 102 extend about IC 

100 to distribute power to functional drcuitry formed in 
active areas 105 of IC 100. 

In order to join the tiers of the power distribution 
20 buses 101 and 102. perpendicular metal straps (not 
shown) have been used to mininrdze voltage sagging 
during activation of high current loads. Signal lines that 
aoss over the metal straps in previous designs are sub- 
ject to undesirable parasitic capacitance and croiss-talk 
25 from noise coupled through the power . distribution 
buses. 

An important feature in accordance with the 
present invention is the use of filter capadtor structures 
107 and 108 running perpendicular to tiers of one or 

30 more power distribution buses 1 01 and 1 02 to minimize 
or eliminate the need for perpendicular metal straps (not 
shown) . By using ffller capacitors 107 and 108 to 
replace some or all of the metal straps, signal lines 201 
in FIG. 2 that otherwise would have crossed over ttie 

35 metal straps in prior designs are able to aoss over filter 
capacitors 107 and 108 instead. Because the insulator 
thickness between the signal lines 201 and capacitors 
107 and 108 is greater than the insulator thickness 
between metal straps and the signal lines, parasitic 

40 capacitance and cross-talk in the signal lines are 
reduced. Also, capadtors 107 and 108. which may be 
supplemented with a relatively small number of metal 
straps, provide low resistance power distribution buses 

101 and 102 that avoid voltage sagging during activa- 
45 tion of high current loads. 

RIter capacitor 107 and 108 replace or minimize 
the perpendicular power grid straps while maintaining a 
low resistance coupling between tiers of power distribu- 
tion buses 101 and 102. The filter capacitor plates (e.g., 

50 304 and 306 in FIG. 3) serve as a conductive tunnel 
under signal lines 201. Even tfiough capacitor plates 
304 and 306 may comprise a high resistivity material, 
they can be niade wide enough so that only a few 
squares of resistance, or less, are placed between adja- 

55 cent tiers of the power distribution buses 101 and 102 
(shown in FIG 1 and FIG 2). Because a significant por- 
tion of IC 100 is already dedicated to the filter capad- 
tors. sizing the width of capadtor plates 304 and 306 to 
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provide low resistance tunnels for the power distnlDution 
buses does not significantly impact circuit density on IC 
100. There typically are no functionally or parametrically 
inposed maximum size limitations on filter capacitors 
107 and 108. 

As shown in FIG. 2, filter capacitors 107 and 108 
are desirably contacted frequently by conductors mak- 
ing up the power distribution buses 101 and 102. In a 
first embodimerrt. filter capacitors 107 and 108 are con- 
figured as two series-coupled capacitors so as to 
reduce voltage stress on the capacitor dielectric and to 
provide an intennediate capacitor plate 302 (shown in 
FIG. 3) that can be used as a reference voltage. Capac- 
itor 107 is coupled to the VCC power supply node and 
capacitor 1 08 is coupled to the VSS power supply node 
in the particular example of FIG. 2. It should be under- 
stood that the specific dimensions of the elements and 
structures shown in FIG. 2 are exenrrplary, and that other 
dimensions are equivalent to the specific embodiments 
described herein as long as a suitable low resistance 
coupling is made between adjacent tiers of power distri- 
bution buses 101 and 103. 

FIG. 3 shows IC 100 in cross-section view taken 
through the 3-3* line of FIG. 2. Likewise, FIG. 4 shows IC 
100 in aoss-sedion view taken through the 4-4* of FIG. 
2. TTie capacitor stmcture in accordance with the 
present invention is desirably formed on a supporting 
substrate such as substrate 301 . Substrate 301 may be 
a semiconductor such as silicon, gemianium, gallium- 
arsenide, or a semi-insulating or insulating material. 
Substrate 301 may comprise one or more layers of 
material so as to be compatible with available process- 
ing technology. 

Capadtor plate 302 is formed on a surface of sub- 
strate 301 by. for example, deposition and patterning 
techniques. Capacitor plate 302 may comprise doped 
polysilicon. metal, or polysilicon silicide. for example. 
Capacitor plate; 302 is covered by a suitable capacitor 
dielectric 303 such as deposited or thermally grown sil- 
icon dioxide, silicon nitride, and the like. The thickness 
of dielectric 303 in FIG. 3 and FIG. 4 is exaggerated with 
respect to the other structures for ease of illustration 
and understanding. In a practical implementation, thick- 
ness' of dielectric 303 is selected to provide a desired 
capacitance per unit area (i.e.. unit capacitance) and 
voltage withstanding ability. 

Capadtor plates 304 and 306 are formed on the 
. upper surface of dielectric 302 preferably by deposition 
of a single conductive layer and subsequent patterning. 
Capacitor plates 304 and 306 comprise a conductive 
material such as doped polysilicon, metal, or polysilicon 
silicide. for example. Capacitor plates 304 and 306 are 
patterned to run perpendicularly to power distribution 
buses 101 and 102 as described hereinbefore. An insu- 
lating layer 308 such as silicon oxide (doped or 
undoped) or silicon nitride is formed over capacitor 
plates 304 and 306. 

In FIG. 3, conductive vias 307 are formed in a die- 



lectric layer over capadtor plates 304 and 306. A suffi- 
dent nunr)ber of vias 307 are provided to result in a 
desired low resistance coupling between adjacent tiers 
of power distribution bus 101 through capacitor plates 

5 306. Likewise, in FIG. 4, a suffident number of vias 307 
are formed to provide a desired low resistance coupling 
between power distribution bus 102 and capacitor 
plates 304. Vias 307 can be formed using any. available 
contact etch and conductive fill techniques. Similarly, 

10 power distribution bus 101 can be formed using any 
available process for conductive trace formation such as 
thin film deposition and photolithographic patteming 
techniques. 

FIG. 5 schematically illustrates the capacitor struc- 

75 ture provided t>y the first embodiment Upper capacitor 
plate 306 is coupled to a positive power source VCC. 
Capacitor plate 304 is coupled to a negative power 
source VSS. Capacitor plate 302 serves to create two 
series-coupled capacitors having botii terminals of the 

20 capacitor accessible from the upper surface of IC 100 
for easy connection to power distribution buses 101 and 
102. The power supply voltage (i.e.. VCC- VSS) is 
divided 'equally across the two capacitors such that 
capacitor dielectric 303 sees only 50% of the total volt- 

25 age across the voltage supply nodes. This allows 
capacitor dielectric to be thinner than would othenvise 
be required for reliable operation for any selected volt- 
age between ttie supply nodes. Moreover. t)ottom 
capacitor plate 302 can be accessed from interconnec- 

30 tions on tiie upper surface, or by circuit components 
built in substrate 301, to provide a reference voltage 
VREF tiiat is approximately (VCC-VSS)/2. The VREF 
terminal can be used as a precharge reference voltage 
in memory circuits and to test integrity of tiie filter 

35 capacitor without the high cun^ent dangers associated 
with coupling ppwer supply voltages to tiie filter capad- 
tor. 

In a second embodiment (shown in FIG. 6 and FIG. 
7). the filter capadtor is configured as a single capacitor 

40 coupled across power supply nodes of an IC. Capacitor 
plate 602. capacitor dielectric 603, and capacitor plate 
604 are formed in an analogous manner to ^elements 
302. 303. and 304 of the first embodiment. However, 
capacitor plate 604 is formed as a single capadtor plate 

45 in contrast to being patterned as two plates as was done 
witii capacitor plates 304 and 306. Capacrtor plate 604 
is covered with an insulating dielectric 608. Conductive 
vias 607 are formed through openings in capadtor plate 
604 so as to electrically couple power distribution bus 

50 1 02 to capacitor plate 604. Power distribution bus 1 01 is 
coupled to capadtor plate 604 using techniques and 
structures analogous to that described for the first 
embodiments. 

FIG. 7 schematically illustrates a filter capacitor 

55 formed in accordance with the second embodiment. In 
FIG. 7 ttie VCC power supply node is coupled to upper 
plate 604 while tiie VSS power supply node is coupled 
to lower capacitor plate 602. The entire supply voltage 
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(VCC-VSS) is distributed across capacitor dielectric 
603. which may be desirable in some application. 

FIG. 8 shows a modification to the prefen^ed 
embodiments that enables higher unit capacitance filter 
capacitors. The modification shewn in FIG. 8 can be 
used with either the first or the second embodiment 
described hereinbefore. Prior to the formation of lower 
capacitor plate 302 or 102. topographical polygons 802 
are formed on substrate 801. Topographical polygons 
802 comprise insulating, semi-insulating, semiconduct- 
ing, or conducting material that can be applied and pat- 
terned in a manner compafible with other processing on 
IC 100. Altematively. topographical polygons 802 could 
be implemented by etching recesses or trenches into 
the surface of substrate 801 . All subsequent processing 
performed on top of topographical polygons results in 
translation of the non-planarity in to the capacitor struc- 
tures in accordance with the present invention. As 
shown in FIG. 8. capacitor plates 803 and 805. as well 
as capacitor dielectric 804 are provided with a non-pla- 
nar or folded topography that increases surface area 
and hence increases unit capacitance. Power distribu- 
tion bus 101 and conductive vias 807 are formed in a 
manner analogous to that described in reference to FIG. 
3. 

Fig. 9 through Rg. 12 illustrate a suitable IC layout 
strategy in accordance with the present invention. Func- 
tional drcuitry such as array circuitry 901 and support- 
ing logic and signal processing circuitry 902 shown in 
Rg. 9. are placed in the IG layout. An-ay circuitry 901 
represents devices such as a memory array, program- 
mable logic array, or the like that includes a plurality of 
atomic design units placed by step-and-repeat proc- 
esses or the equivalent. By using step-and-repeat 
design techniques a great deal of design effort is used 
in each atomic unit of the array to achieve high device 
packing density. The supporting logic and signal 
processing drcuitry 902 indude devices such as decod- 
ers, multiplexors, switches, and the like that may exist in 
predefined libraries as Functional units, or may be spe- 
cifically designed for a given drcuit The variety of 
shapes for drcuitry 902 conveys the fact that circuitry 
902 can take on any geometry. The outer boundaries of 
active device areas 901 and 902 when excluded from 
the total IC area define "open" areas 903. Although 
great care is taken to minimize open areas 903 in a typ- 
ical design; in practice a significant amount of open 
areas 903 remain after layout of active device regions 
901 and 902. 

Power distribution buses (not shown in Fig. 9) and 
signal lines (not shown in Rg. 9) are placed in open 
areas of the IC layout using any available layout technol- 
ogy or design rules to coupled as required by active 
device areas 901 and 902. 

Next the fflter capacitors are placed by laying out 
capadtor plate portions running perpendicular to the 
tiers of the power distribution buses 101 and 102 in 
open areas 903. In accordance with the first embodi- 



ment, the plates of the filter capacitors are "diced up" 
(i.e., broken into many plate portions) before placement 
into open areas 903 so that the plate portions run per- 
pendicular to the tiers of the power . distribution buses 

5 101 and 102 (shown in Fig. 1). 

A significant advantage of the present invention is 
that capadtors can be placed in substantially all of open 
areas 903. In prior designs, the strapped power distribu- 
tion busses created landlocked" regions within open 

10 areas 903 that could not be used for capacitor place- 
ment. This resulted not only in significant waste of IC 
real estate, but also forced the process of capacitor 
placement to be perfomied manually. The additional 
constraint imposed by the power supply bus straps 

75 made automated placement of the capacitors difficult, 
resulting in inefficient designs. Hence, when strapped 
power supply buses were used, capacitor placement 
was performed manually by a skilled IC layout engineer. 
In contrast, the power supply bus straps do not inpose 

20 a significant constraint on capacitor placement in 
accordance with the present invention. Even if some 
straps are used, in accordance with the present inven- 
tion, the number of straps is greatly reduced and their 
placement is much more flexible. Hence, capacitor lay- 

25 out is not unduly constrained by the location of power 
supply bus tiers using the method in accordance with 
the present invention. As a result, it has been found that 
automated design tools can not only place capacitors 
effectively, but can place them at a significantly greater 

30 density that was possible using prior manual or auto- 
mated IC layout techniques. 

In a preferred inplementation illustrated in Rg. 10, 
a portion 904 of the IC layout is selected for analysis 
before placing the capadtors. Portion 904 is selected 

35 primarily to ntinimize the computation time required and 
is performed manually in the prefen-ed embodiment. An 
IC designer selects area 904 simply by looking for por- 
tions of the IC layout with significant open areas 903. . 
As shown in Rg. 11. boundaries of active device 

40 areas 902 within the selected area 904 are "grown" 
using known image procesdng techniques to provide 
grown shapes 906 that provide spacing required by 
design rules for a given IC layout design. These design 
rules will vary from design to design, but are well under- 

45 stood by the IC layout engineer or technician. The 
"growing" process can be accomplished using many 
available IC layout automated design tools. 

As shown in Rg. 12, the grown areas 906 are 
excluded from the open areas 903 in selected area 904 

50 using Boolean logic functions such as an exclus*ive-or. 
The resulting open areas 903 shown as cross-hatched 
areas in Rg. 12, are suitable candidates for capacitor 
placement. Capadtor plate portions can be placed by 
the automated layout tool in any location of the open 
55 areas 903 that crosses under (i .e. overtaps) at least one 
power supply bus tier. 

A suffident number of contact areas or vias (not 
shown) for electrical contact with power distribution 
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buses 101 and 102 are placed in the overlapping 
regions between to allow the capacitor plates to provide 
a low resistance coupling between the power distribu- 
tion tiers. Power distribution buses 101 and 102 function 
to couple all of the diced and distributed portions of the 
capacitors in parallel to. fbnn a single or dual filter . 
capadtor. 

Although the invention has been described and 
Illustrated with a c^a'm degree of particularity, it is 
understood that the present disclosure has been made 
only by way of example, and that numerous changes in 
the combinatioh and anrangement of parts can be 
resorted to by those skilled in the art without departing 
from the spirit and scope of the invention, as hereinafter 
claimed. 

Claims 

1 . An integrated circuit con^rising: 

a voltage source; 

a plurality of conductive power bus tiers extend- 
ing across the integrated circuit, wherein each 
of the power bus tiers are electrically coiq3led in 
parallel to the voltage source; and 
a f Iter capacitor comprising a first plate and a 
second plate wherein the first and second 
plates are separated by a capacitor dielectric 
I and the first plate forms a bus strap coupling to 
each of the plurality of power bus tiers. 

2. The Integrated drcuit of claim 1 wherein the con- 
ductive power bus tiers are an^anged in parallel and 
the first plate extends perpendicularly to the con- 
ductive power bus tiers. 

3. The integrated circuit of claim 1 further comprising 
a third plate Ibrmed in a common plane with the first 
plate and separated from the second plate by the 
capacitor dielectric; 

a second voltage source; and 
a plurality of second conductive power bus tiers 
extending across the integrated circuit, wherein 
each of the second power bus tiers are electri- 
cally coupled in parallel to the second voltage 
source and the third plate forms a bus strap 
coupling to each of the plurality of second 
power bus tiers. 

4. The integrated circuit of claim 3 wherein the first 
and second conductive power bus tiers are 
an^anged in parallel and the first and third plates 
extend perpendiculariy to the first and second con- 
ductive power bus tiers. 

5. The integrated drcuit of claim 4 further comprising 
an electrical contact to the second plate for provid- 



ing a reference voltage to the integrated circuit. 

6. . The integrated drcuit of daim 1 further conr^rising: 

5 a second voltage source; and 

'a plurality of second conductive power bus tiers 
extending across the integrated drcuit, wherein 
each of the second power bus tiers are electri- 
cally coupled in parallel to the second voltage 

10 source and to the second plate, wherein the 

second plate forms a bus strap coupling to 
each of the plurality of second power bus tiers.. 

7. The integrated circuit of claim 6 wherein the plural- 
75 ity of second conductive power bus tiers couple to 

the second plate through insulating holes in the first 
plate. 

8. The integrated circuit of daim 1 wherein the first 
20 plate comprises a plurality of plate portions physi- 
cally separated from each other and distributed 
about the integrated circuit, each of the plate por- 
tions electrically coupled by the first power bus tiers 
to form the first plate. 

25 

9. The integrated drcuit of daim 1 further comprising: 

a plurality of active device areas having logic 
and signal processing drcuitry formed tiierein, 

30 wherein outer t)oundaries of tiie active device 

areas define open areas; 

wherein the first plate comprises a plu- 
rality of plate portions physically separated 
from each other and distributed about substan- 

35 tiaily all of the open areas of the integrated cir- 

cuit, each of the plate portions electrically 
coupled by the first power bus tiers to fbrni the 
first plate. 

40 10- The integrated circuit of daim 1 wherein tiie first 
and second plates have a non-planar topography. 

11. An integrated circuit comprising: 

45 a voltage supply; 

a plurality of power conductors coupled to the 
voltage supply and extending across the inte- 
grated circuit; and 

a plurality of filter capacitor portions distributed 
50 across the integrated circuit, each of tiie filter 

capadtor portions having a node coupled to a 
number of the plurality of conductors. 

12. The integrated circuit of daim 11 further compris- 
55 ing: 

circuitry formed in areas of the integrated cir- 
cuit that are unoccupied by the fitter.capacitor 
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portions; and 

a plurality of signal conductors coupled to the 
circuitry and positioned between adjacent ones 
of the plurality of power conductors, the signal 
conductors extending away from the circuitry 
over the plurality of filter capacitors. 

1 3. The integrated circuit of claim 1 1 wherein the plural- 
ity of power conductors are not interconnected by 
power straps. 

14. The integrated circuit of claim 1 1 wherein the plural- 
ity of signal conductors are positioned horizontally 
adjacent with respect to the power conductors. 

15. A method for making an integrated circuit compris- 
ing the steps of: 

providing a substrate; 

forming integrated circuitry in selected ! irst por- 
tions of the substrate; 

forming a plurality of capacitors in selected 
second portions of the substrate: and 
forming a plurality of conductive power supply 
bus tiers on the substrate wherein each bus tier 
is directly electrically coupled to each of the 
capacitors and to selected portions of the inte- 
grated circuitry 

16. The method of daim 15 further comprising the step 
of forming a plurality of conductive signal lines 
between adjacent ones of the bus tiers and overly- 
ing at least some of the plurality of capacitors. 

17. The method of daim 15 further conprising the 
steps of: 

forming a first insulating layer over the capaci- 
tors; 

forming holes in the first insulating layer to pro- 
vide the direct electrical coupling from each of 
the plurality of bus tiers to the plurality of 
capacitors: 

forming a first patterned metalization on the 
first insulating layer; 

forming a second insulating layer over the first 
patterned metal layer; 

forming a plurality of conductive signal lines on 
the second insulating layer between adjacent 
ones of the bus tiers and overlying at least 
some of the plurality of capacitors, wherein 
capacitance per unit area between the signal 
lines and the first patterned metalization is sub- 
stantially greater than capadtance per unit 
area between the signal lines and the capaci- 
tors. 

18. The method of daim 15 further comprising the 



steps of: 

providing topographical structures on the sec- 
ond portions of the substrate beneath the piu- 

5 rality of capacitors such that during the step of 

fomning the plurality of capacitors the topo- 
graphical features of the topographical struc- 
tures are transfered to the plurality of 
capacitors to increase capadtance per unit 

10 area. 

1 9. The method of daim 1 5 wherein the step of forming 
a plurality of capacitors in selected second portions 
of the substrate further comprises: 

15 

forming a first capacitor plates over the second 
portions of the substrate; 
forming a capacitor dielectric covering the first 
capacitor plate; 

20 fomiing a second capacitor plate on the capac- 

itor dielectric over the first capacitor plate; and 
forming a third capacitor, plate on the capacitor 
dielectric over the first capadtor plate and adja- 
cent to the second capadtor plate wherein the 

25 second capacitor plate forms a first terminal of 

the plurality of capacitors and the third capad- 
tor plate forms a second tenrninal of the plurality 
of capacitor plates. 

30 20. A method for laying out ah integrated circuit (IC) to 
generate an IC layout, the method comprising the 
steps of: 

laying out integrated circuitry in active device 
35 areas of the IC layout, wherein the active 

device areas when excluded from the total IC 
area define open areas on the IC layout: 
laying out power supply bus tiers in the open 
areas of the IC layout; 
40 laying out a plurality of capacitors in the open 

areas of the substrate such that the capadtors 
and the bus tiers overiap at multiple locations; 
and 

laying out vias in the multiple overlap locations. 
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